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PREFACE

In June 1991, the Strategic Air Command (now U.S. Strategic Command) asked USAFETAC to evaluate
the accuracy of USAFETAC's LIGHTPC personal computer program at polar latitudes. The request
(performed under USAFETAC project number 910639) was assigned to USAFETAC's Simulation and
Techniques Branch (SYT). This report documents work done on the project and describes the results,
which should be of interest to anyone who uses LIGHTPC or ICE to compute solar and lunar events at
high latitudes.

USAFETAC/SYT analysts calculated not only the errors in USAFETAC's LIGHTPC (v301 and v3.2) PC
program (which already cautions users on its accuracy above 600 N latitude), but in ICE vO.51 (beta), as
well. Both programs compute sunrise, s',nset. twilight start, twilig1ht end, moonrise, ana moonset at
iatitudes at and above 600 N. We used values provided by the Naval Observatories best mainframe
computer program as "truth," and assumed that the Naval Observatory's mainframe program output was
absolutely correct in all cases. Discussions with people at the Naval Observatory indicated that the
algorithms used in this mainframe program are the best available anywhere for computing the solar and
lunar events in which we are interested.

The author wishes to thank the Director of the Astronomical Applications Department of the U.S. Naval
Observatory, Dr P.M. Janiczck, and his staff for providing USAFETAC with very helpful phone
consultation, output of their mainframe program, and a copy of the ICE v0.51 beta software.
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1. INTRODUCTION

1.1 Purpose. This project report documents the LIGHTPC results presented there are for the entire
results of a study done for USSTRATCOM/DOW, year of 1990 at 0° W longitude and at 60', 650,
which tasked USAFETAC to: 700, 750, 800, 850, 890 N latitude. The maximum

sunrise errors of LIGHTPC at these latitudes are
a Determine the accuracy of LIGHTPC 3, 5, 24, 17, 10, 8, and 10 minutes.

above 600 N latitude.
1.3 Interactive Computer Ephemeris (ICE)

* Stratify accuracy values into 50 latitude Program. We also evaluated ICE vO.51 (beta).
bands from 60' to 900 N for both solar Although the ICE program is no longer
and lunar rise an" set. maintained, it is still available from the Nautical

Almanac Office, U.S. Naval Observatory,
* Indicate accuracy of nautical twilight Washington, DC 20392. ICE was the brainchild

beginning and ending if different from of two former employees of the Nautical Almanac
sunrise and sunset accuracy. Office. The code was never released except as a

beta (test) version. No changes or updates are
0 Locate and ealuate candidate alternative planned. There are problems in the ICE software

algorithms which provide improved and its user interface is not very friendly. The
accuracy above 600 N. maximum sunrise errors of ICE at the latitudes we

studied (see 1.2) were 1, 1, 1, 1, 1, 3, and 15
The study was to include a determination of each minutes, respectively.
algorithm's accuracy at high latitudes and its
portability to an MS-DOS microcomputer 1.4 Navy Mainframe Program. The computer. environment. Since the evaluation neglected program that the Nautical Almanac Office at the
atmospheric refraction, substantial differences Naval Observatory uses to calculate solar and
could exist between when the sun or moon is lunar event times has not been validated at
geometrically above the horizon and when it can latitudes above 750 N, but Observatory
actually be seen. spokespeople state that data from this program is

the best currently available. Although the Naval
1.2 LIGHTPC Program. This USAFETAC Observatory does not normally release high
program was evaluated first. The algorithms used latitude data or the software, they made an
in LIGHTPC v3.2 are identical to those used in exception in our case. As of 1 December 1992.
LIGHTPC v3.1, and the results are valid for both the Navy mainframe program no longer exists. It
versions. LIGHTPC is maintained by will be replaced in 1993 by a Nautical Almanac
USAFETAC and available from the Air Weather PC ephemeris program (MICA--Multi-Year
Service Technical Library (AWSTL), Bldg 859, Interactive Computer Almanac), that will be
Buchanan St., Scott AFB, IL 62225-5118. The validated for high latitudes, as well.
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2. PROGRAM DESCRIPTIONS

2.1 Navy Mainframe Program. A sample of 70- N, 75- N, 800 N, 85' N, and 89' N at 00 W
the data from the Nautical Almanac Office's for the entire year of 1990. We used the Naval
mainframe computer at the Naval Observatory is Observatory output as "truth" for comparison
shown in Table 1, below. Although the original with LIGHTPC and ICE. Although it was
dataset had the entire year of events in one table, assumed that the Naval Observatory program's
it was reduced to I month to save space here. output was accurate at all latitudes to within I
The Naval Observatory ran their mainframe minute, its accuracy has not been absolutely
program for sunrise, svnset, twilight start, twilight determined at latitudes above 750 N,
end, moonrise, and moonset for 60*N, 650 N,

TABLE 1. January 1990 Moonrise and Moonsetfor Longitude
0° W, Latitude 600 N. From the Nautical Almanac Office, US.
Naval Observatory. "++++" indicates "no event, moon above horizon."
"...." indicates "no event, moon below horizon,

S Rise Set

Day h m h m

1 1040 2104

2 1041 2238
3 1042 +++
4 1044 0014
5 1046 0154

6 1051 0339
7 1102 0528
8 1126 0713
9 1219 0832
10 1348 0914
11 1532 0932
12 1715 0940
13 1852 0944
14 2022 0946
15 2148 0947
16 2312 0947
17 - 0948
18 0035 0948
19 0200 0950
20 0327 0954
21 0457 1002
22 0624 1020
23 0734 1100
24 0816 1213
25 0836 1344
26 0845 1525
27 0849 1705
28 0851 1844
29 0853 2021
30 0854 2158
31 0855 2337
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2.2 LIGHTPC Program.

LIGHTPC Dataset. A sample of the data from Assumptions. The documentation for LIGHTPC
LIGHTPC is given in Table 2. LIGHTPC v3.2 v3.2 states that the program is accurate to within
computes all solar and lunar events using 2 minutes at latitudes below 600 and that "outside
numerical algorithms to solve fundamental these boundaries (above 600 N/S), accuracy
astronomical equations and determine solar or decreases as latitude increases." Since LIGHTPC
lunar event times. The algorithms used in is not recommended for use north of 60' N, this
LIGHTPC are more primitive than those on the project made no attempt to improve the LIGHTPC
Navy Mainframe and do not calculate solar and software.
lunar event times as accurately. The LIGHTPC
program does not list the original reference for the
algorithms it uses.

TABLE 2. Air Force Lunar Data. January 1990 Moonrise/Moonset and Percent Illumination. For
Latitude 60' min N, Longitude zero degrees, zero minutes E, Flying Altitude: zero. The **** indicate
non-events. Distinctions between "above or below the horizon" are not made. All times are Greenwich
mean time percent illumination is given for 0000 LST.

D a I M oon Moon " "

Rise Set Ilium
1 1041 2104 15

2 1042 2238 24

3 1043 34
4 1044 0015 44
5 1046 0153 56

6 1051 0340 67
7 1100 0530 77
8 1121 0717 86
9 1214 0838 93
10 1343 0918 98
11 1528 0936 100
12 1713 0943 99
13 1849 0946 96
14 2021 0948 91
15 2146 0942 84
16 2311 0948 76
17 0949 67

i8 0034 0949 58
19 0158 0951 48
20 0328 0956 39
21 0456 1003 30
22 0626 1018 22
23 0737 1100 15

24 0819 1210 8
25 083g 1341 4
26 0847 1523 1

27 0851 1705 0

28 0853 1842 2
29 0854 2020 6
30 0855 2156 12
31 0856 2337 20
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. 2.3 ICE Program.

ICE Dataset A sample of the ICE vO.51 (beta) twilight end times for specific dates instead of
data is given in Table 3. The ICE vO.SI (beta) writing the actual time ICE also misses some
software was tested to see if it could fulfill SAC's days when the moon does not set or rise when it
requirements for a microcomputer-based algorithm writes the moonrise and moonset times to a file at
capable of +/- 2 minutes accuracy in predicting all polar latitudes. All these software bugs caused
solar and lunar events at latitudes above 600 N. problems in evaluating ICE program accuracy. in
ICE vO.51 (beta) does not use numerical methods all cases, we were forced to insert values where
to solve the event times; instead, it uses a built-in ICE had written nonsense.
250-year ephemeris. We found that ICE is
accurate to within +/- 2 minutes at polar latitudes, Conclusions. The Nautical Almanac Office does
in some cases. not plan to fix the problems described above. The

ICE software is no longer supported or
Assumptions. We made no assumptions about maintained, and the Navy has moved on to a new
ICE. The copy of the software we received did concept in interactive ephemeris programs. What
not contain a users guide, and although the ICE vO.51 does show is that microcomputer-based
README file gave details of how to run the software can produce event times accurate to a
software and what hardware was required, it didn't few minutes at latitudes as far north as 85' N.
warn of program deficiencies or of reductions in Tighter software quality control and testing could
accuracy at certain latitudes. The ICE program easily yield a microcomputer-based ephemeris
also contained several software bugs; for program with accuracies that are within a few
example, ICE did not write all the correct twilight minutes of the ephemeris values computed by the
end times to a file when the program was run for best astronomical computer programs. ICE vO 51. latitudes at and above 700 N at 00 W longitude, very nearly achieved this goal; it is unfortunate
The program writes @ ( @A@ for the that it is no longer supported.
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TABLE 3. Topocentric Ephemeris of Moon. January 1990 for Greenwich Meridian. Longitude
0 00.0, Latitude N 10 00.0, Time zone UT.

STDT TIME Rise Trans Set

Day TDT JD I n s h m (Alt) h m (Alh) h m (Azin)

. 2447893.154208 15 42 03.5 10 40 (109) 15 42 (s.1) 21 04 (256)
2 2447894.186371 16 28 22.4 10 41 (97) 16 28 (s2g) 22 38 (270)
3 2447895.218799 17 15 04.3 10 42 (84) 17 15 (s35) f0 14 (283)
4 2447896.252440 is 03 30.8 10 43 (71) 18 04 (s41) f 1 54 (297)
5 2447897.288218 18 55 02.0 10 46 (58) 18 55 (s47) f3 39 (310)
6 2447898.326227 19 50 37.9 10 51 (46) 19 51 (s52) f 5 28 (323)
7 2447899.368379 20 50 28.0 11 01 (35) 20 50 (s56) F 7 14 (333)
8 2447900.412035 21 53 19.9 1i 24 (26) 21 53 (S57) F 8 34 (337)
9 2447901.456025 22 56 40.5 12 18 (24) 22 57 (M57) F 9 15 (332)
10 2447902.498322 23 57 35.0 13 47 (30) 23 58 (S55) F 9 32 (322)
12 2447903.537538 0 54 03.3 p15 32 (40) 0 54 (s5t) 9 40 (311)
13 2447904.573282 1 45 31.5 p17 15 (53) 1 46 (a46) 9 44 (299)
14 2447905.605930 2 32 32.4 p18 52 (65) 2 33 (s40) 9 46 (287)
15 2447906.636244 3 16 11.5 p20 22 (78) 3 16 (s35) 9 7 (276)
16 2447927.665096 3 57 44.3 p21 48 (90) 3 58 (s29) 9 47 (264)
17 244790h.693347 4 38 25.2 p2 3  I1 (102) 4 38 (s23) 9 48 (253)
Is 2447909K721803 5 19 23.7 0 34 (114) 5 19 (aiS) 9 49 (242)
19 2447910.751196 6 01 43.3 I 59 (125) 6 02 (sW3) 9 51 (232)
20 2447911.782146 6 46 17.4 3 27 (136) 6 46 (s9) 9 55 (222)
21 2447912.815076 7 33 42.5 4 56 (146) 7 34 (s6) 10 03 (212)
22 2447913.850083 8 24 07.2 6 22 (154) 8 24 (s4) 10 22 (205)
23 2447914.886821 9 17 01.3 7 33 (159) 9 17 (s3) I1 01 (202)
24 2447915.924501 10 1i 16.8 8 15 (155) 10 11 (s3) 12 12 (206)
25 2447916.962114 11 05 26.7 8 35 (147) 11 05 (s6) 13 45 (215)
26 2447917.998792 11 58 15.6 8 44 (137) II 58 (S9) 15 25 (226)
27 2337919.034085 12 49 04.9 8 49 (126) 12 49 (s14) 17 05 (238)
28 2447920,068041 13 37 58.7 8 51 (113) 13 38 (s20) 18 44 (252)
29 2447921.101!10 14 25 35.9 8 53 (101) 14 26 (s26) 20 21 (265)
30 2447922.134002 15 12 57.8 8 54 (88) 15 13 (s33) 21 58 (279)
31 2447923.167561 16 01 17.3 8 55 (75) 16 01 (W40) 23 37 (293)

NOTE: Although Day I I seems to be missing from Table 3, with no moonrise of moonset times reported,
the moon did rise on Day I I and the table records it. The moonrise time for Day 12 is preceded by a
'.p," indicating the moon rose on the previous day (Day II). ICE output is displayed using the Terrestial
Dynamical Time Julian date (TDT JD) to keep track of the date. When the moon rises or sets on a
different date than the TDT JD, the moonrise and/or set time is flagged "p" previous) or Y' (following)
to indicate the difference. Both PCLIGHT and the Navy mainframe model use the date of moonrise to
date the output. Keep this difference in model output methodology in mind when comparing model event
times.
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2.4 Comparisons. Both programs allow users The method used to identify calendar days in ICE
to view event times on the screen or write them to output was changed to match the method used in
a file. The LIGHTPC program is tailor-made for PCLIGHT, using date of moonrise as the output
DoD users, while ICE was designed with the date label. ICE moonrise times flagged "p" were
astronomy user in mind. shifted ahead one day to match the PCLIGHT

date. ICE moonset times flagged "f were shifted
Table 4 gives January and February 1990 back I day. Days in the ICE output with no
moonrise and moonset events for all three moonrise or moonset events after the dates were
programs. The ICE# data contains the data used shifted are filled in with asterisks. These date
in our analysis. Table 4 shows how the model shifts ensure that ICE-PCLIGHT-NAVY moonrise
outputs (shown in Tables 1-3) were reformatted and moonset comparisons are made between the
before being 4ploaded to USAFETAC'S IBM 3090 same calendar dates.
mainframe for SAS prcressing.
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TABLE 4. Moonrise/Moonset Events for January and February 1990, all Three Programs.

Day Ala. sat Rise St RIB* set Os)' Also Sat
I ion 1040 2104 1041 2104 1040 2104 1 Jan 1040 2104

2 Jan 1041 2238 1042 2238 1041 2238 2 Jan 1041 2238
3Jan 1042 - 1043 - 1042 " 3 Jon 1042 90014
4 Jan 1043 0014 1044 0015 1044 0014 4 Jan 1043 f0154
5 Jan 1046 0154 1046 0153 1046 0154 3 Jan 1046 10339
6 Jan 1051 0339 1051 0340 1051 0339 6 Jan 1051 10528
7 Jan 1101 0528 1100 0530 1102 0528 7 Jan 1101 90714
8 Jan 1124 0714 1121 0717 1126 0713 8 Jan 1124 90834
9 Jan 1218 0834 1214 0838 1219 0632 9 Jan 1218 90915
10 Jan 1347 0915 1343 0918 1348 0914 10 Jan 1347 90932
11 Jan 1532 0932 1528 0936 1532 0932
12 Jan 1715 0940 1713 0943 171 0940 12 Jan pI

3
2 0940

13 Jan 1852 0944 1849 0948 1852 0944 13 Jan p1
7

1
5  

0944
14 Jan 2022 0946 2021 0948 2022 0946 14 Jan p1852 0946
15 Jan 2148 0947 2146 0948 2148 0947 15 Jan p2022 0947
16 Jan 2311 0947 2311 0948 2312 0947 16 Jan p2148 0947
17 Jan - 0948 - 0949 0948 17 Jan p231

1  
0948

18 Jan 0034 0949 0034 0949 0035 0948 18 Jan 0034 0949
19 Jan 0159 0951 0158 0951 0200 0950 19 Jan 0159 0951
20 Jan 0327 095-5 0328 0956 0327 0954 20 Jan 0327 0955
21 Jan 0456 1003 0456 1003 0457 1002 21 Jan 0456 1003
'2 Jan 0622 1022 0626 1018 0624 1020 22 Jan 0622 1022
13 Jan 0733 1101 0737 1100 0734 1100 23 Jan 0733 1101
24 Jan 0815 1212 0819 1210 0816 1211 24 Jan 0815 1212
25 Jan 0835 1345 0838 1341 0838 1344 25 Jan 0835 1345
26 Jan 0844 1525 0847 1523 0845 1525 28 Jan 0844 1525
27 Jan 0847 1705 0851 1705 0849 1705 27 Jan 0849 1705
28 Jan 0851 1844 0853 1842 0851 1844 28 Jan 0851 1844
29 Jan 0853 2021 0854 2020 0853 2021 29 f,.i 0853 2021
30 Jan 0854 2158 0855 2156 0854 2158 30 Jan 0854 2158
31 Jan 0855 2337 0858 2,337 0855 2337 31 Jan 0855 2337
1 Feb 0887 " 0858 * 0857 - 1 Feb 0857 10120
2 Feb 0901 0120 0900 0121 0901 0120 2 Feb 0902 f0307
3 Feb 0909 0307 0907 0309 0009 0307 3 Feb 0909 f0453
4 Feb 0925 0453 0922 0453 0926 0452 4 Feb 0925 90622
5 Feb 1004 0622 1003 0626 1006 0621 5 Feb 1004 10716
6 Feb 1119 0716 1116 0719 1121 0714 6 Feb 1119 W0739
7 Feb 1258 0739 1255 0743 1259 0739 7 Feb 1258 10750
8 Feb 1442 0750 1438 0752 1442 0749 8 Feb 1442 10755
9 Feb 1620 0755 1619 0757 1621 0754

10 Feb 1753 0,57 1751 0759 1757 0757 10 Feb p1620 0757
11 Feb 1921 0758 1921 0800 1922 0756 11 Feb p1753 0758
12 Feb 2047 0759 2045 0759 2047 0759 12 Feb p1921 0759
13 Feb 2211 0800 2211 0759 2211 0759 13 Feb p2047 0800
14 Feb 2335 0800 2335 0800 2336 0800 14 Feb p2211 0800
15 Feb - 0802 - 0802 - 0801 15 Feb p2335 0802
16 Feb 0102 0805 0103 0804 0103 0804 16 Fob 0102 0805
17 Feb 0231 0811 0232 0810 0232 0810 17 Feb 0711 0811
18 Feb 0359 0824 0358 0821 0400 0823 18 Feb 0359 0824
19 Feb 0517 0852 0621 0850 0518 0851 19 Feb 0517 0852
20 Feb 0611 0949 0615 0944 0613 0947 20 Feb 0611 0949
21 Feb 0639 1112 0643 1110 0641 1111 21 Feb 0639 1112
22 Feb 0653 1250 0655 1247 0653 1249 22 Feb 0653 1250
23 Feb 0659 1431 0700 1429 0700 1430 23 Feb 0659 1431

24 Feb 0720 1611 0702 1611 0703 1611 24 Feb 0702 1611
25 Feb 0704 1715 0704 1749 0705 1751 25 Feb 0704 1751
26 Feb 0706 1931 0705 1930 0706 1930 28 Feb 0706 1931
27 Feb 0707 2112 0707 2113 0707 2112 27 Feb 0707 2112
28 Feb 0709 2257 0708 2256 0709 2257 28 Feb 0709 2257
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. 3. METHODOLOGY

3.1 The Process. The project followed these into a single file of four columns: Date, Navy
steps: mainframe event time, LIGHTPC event lime, and

ICE event time (see Table 4),
"* Run models for 365 days of 1990.

3.4 Uploading the Files. Once all the model
"* Reformat the three models' output into a outputs were reformatted and placed in a single

single file. simple column format file, the column format files
were uploaded to USAFETAC's IBM 3090

"* Upload these files to USAFETAC IBM mainframe computers for processing.
3090 mainframe computer.

3.5 SAS Processing. We used SAS v6.06 to
"* Use SAS to process the files and produce calculate the difference in minutes between the

frequency of error times in minutes. microcomputer programs' event times and the
Navy mainframe program's event times. We then

"* Download these frequency distributions to used SAS to compute the frequency distribution of
a microcomputer. the minutes of error for both LIGHTPC and ICE

"* Import the frequency distributions into
Harvard Graphics 3.0. TABLE 5. Example of SAS Error

Frequency Distribution Table.
"* Produce graphs of frequency distributions.

Cumulatrve Cumularive

3.2 Running the Models. N DW Pe 2

-2 10 2.7 10 2.7
LIGHTPC and ICE. We installed the software on -1 66 18.1 76 20.8

an 80386-based microcomputer and ran the 0 159 436 235 64.4
| 81 22.2 316 86,6

programs for 1990. We ran the models for each 35 9.6 351 96,2

latitude of interest on 00 W longitude, and saved 3 14 3.8 365 1000
the output to appropnia:ely named files.

1. NARISE Minutes of error ((Navy mainframe event time)

Navy Mainframe. We asked the Naval (Air Force LIGHTPC event time))

Observatory to run their mainframe program for 2. Days Number of days with the minutes of error in

the latitudes of interest for 1990 on the 00 W NARSE column
longitude. They ran the code, and provided us the 3. Percent Percent of days with minutes of error m
output datasets in machine-readable form. NARISE column

4. Cumulative Cumulative number of days from most

3.3 Reformatting the Output. Each of the Days negative to most positive minutes of error

three model's event times were initially saved in
separate files in different formats. To subtract the 5. Cumulative Cumulative percentage of days from

Percent most negative to most positive minute-
LIGHTPC and ICE event times from the Navy ot erg m e

mainframe event times, we reformatted the data

@8



3.6 Downloading the Error Distributions. 3.7 Producing Bar Charts Using Harvard
We downloaded the SAS-generated error Graphics 3.0. We imported the frequency
frequency distributions (see Table 5) to a distribution data into Harvard Graphics 3.0 and
microcomputer for the final steps of producing made bar charts of the error distributions for each
tables and graphs for the report. latitude and each solar or lunar event.

Percent Of Days Having Indicated Sunrise Errors
1 2 ' Sunrise 75N OE- 3

100 4.1 Sunnse Late 5 Correct 6 'Sunrise Early
S7 ) 1 0 ) ... .....

80 10 90 FrLG'' ro~tram• 8 i 8 0 . . . . . . . . . . . . . . . .

70

C) 60
S50........................... ...... . .

C
S40 ........ .
a' . 3 0 ........ . ...... . ........ . . ...... . . . . .

20
1012 0 . ......... ... . .. . .. . .. E !..

0---
-17 -10 -6 -4 -3 -2 -1 0 1 2 3 5 6

- Minutes Of Error ;'
:12:
Errors are relative to Navy Mainframe Program :1A3
No sunrise (24 hours of light or darkness) on 201 days: graph shows remaining 164 days

Figure 1. Example of Bar Chart and Key to Charts in Appendices A - F. Circled numbers
provide keys to chart elements listed below.

L. Title
2. Event (Sunrise, Sunset, Twilight Start, Twilight End. Moonrise, Moonset)
3. Latitude and Longitude
4, Events predicted later than actual event
5. Events predicted correctly
6. Events predicted earlier than actual event
"7, Bar graph legend.
8. Y-axis Title: Percentage of days on which event occurred
9. X-axis Title: Minutes of error between PC program and Navy mainframe program.

10. ICE data. Here, about 93% of the days with a sunrise had ICE predict the sunrise exactly correct, and about 7% of the days with a sunrise
had ICE predict the sunrise late by I minute. (Note: there are only 164 days with a sunrise at 70' N, the sun was either above or below
the horizon on the remaining 201 days,)

l I. LIGHTPC data. Here, about 35% of the days with a sunrise had LIGHTPC predict the sunrise exactly. The remaining 65% of the days
with a sunrise have LIGHTPC errors ranging from 17 minutes late to 6 minutes early.

12. Note reminding users that all errors are in minutes relative to the Navy mainframe program event times.
13. Note stating how many days the event occurred. In this example, the sun did not r-- on 201 days, but the remaining 164 days had a

sunrise and are shown.
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4. RESULTS

4.1 Summary. The results presented here are a ICE program is very accurate; most predictions
synopsis of the full analysis. We analyzed the have no errors. For twilight end, ICE has bugs
performance of two microcomputer programs that that cause large errors in event prediction times.
predict solar and lunar event times at latitudes The LIGHTPC program is also accurate, with
60'N to 890 N on the Greenwich Meridian (0°E). maximum errors occurring on days when the event
Results shown for 890 N should be used with is starting after a period of non-event. An
caution because there are so few solar and lunar example of this is when the Arctic transitions
events at this latitude. There are bugs in the ICE from winter to spring and the sun begins to rise
software that cause large errors in twilight end in the far north after months of winter darkness.
times. Charts showing the error distributions of LIGHTPC will have a fairly large error (on the
all the data are in the appendices. Overall, order of 10 minutes) on the first day that the sun
LIGHTPC is the more robust of the two programs. rises after the long winter night. On subsequent
Although it has larger maximum errors and less days the error decreases to within a few minutes.
perfect predictions, it does not suffer from the
bugs that degrade ICE's predictions. ICE Maximum errors for twilight end could not be
surpasses LIGHTPC in sunrise, sunset, moonrise, determined for ICE, which does not produce
moonset and twilight start predictions, but values for twilight end at and above 70' N.
LIGHTPC surpasses ICE in twilight end
predictions. Neither program is very accurate for Moonrise and moonset maximum errors for ICE
lunar events above 750 N. are not available for 60, 65, 75, and 850 N

because the datafiles were lost during this study.
4.2 Maximum Errors. The maximum errors of The demise (with no replacement) of the Navy. the ICE and LIGHTPC program are shown in mainframe model made it impossible for the lost
Table 6. For sunrise, sunset, and twilight start, the files to be recreated.
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TABLE 6. Maximum Minutes EarlylLate at Each Latitude.

LATITUDE

EVENT 60. 65' 70' 75' 80" 85" 89,

Sunrise

ICE 1/1 1/1 1/ 0/1 0/1 013 eels

LIGHTPC 3/2 5/3 20/24 6/17 5/10 4/8 10/10

Sunset

ICE I/! 1/0 2/1 1/0 1/0 3/0 14/0

LIGHTPC 2/3 4/5 23/16 10/14 9/5 5/4 5/4

Twilight Start

ICE 1/0 I/I 1/1 1/1 0/1 0/1 $/12

LZGHTPC 6/1 5/1 5/1 5/2 5/22 5/6 6/3

Twilight End

ICE 1/0 1/0 1/? 1/? 7/? ?

LIGHTPC 1/16 2/14 2/15 2/17 6/21 6/7 5/5

Moonrise

ICE # # 7/S # 1/24 # 155/245

LIGHTPC 6/3 29/I5 15/10 16/6 23/8 23/331 29/77

Moonset

ICE 23/8 # 19/0 662/429

LIGHTPC 4/6 17/17 12/15 7/11 74/42 287/22 143/36

* Indicates no predictions in the appropriate early/late category.

? Indicates ICE ERRORS: No Values.

# Indicates missing predictions due to data loss.

4.3 Precision and Accuracy. The ICE for each event at each latitude (see Figure 1 and
program had at least 9 out of 10 perfect appendices). This means that while the LIGHTPC
predictions for sunrise, sunset, and twilight start at program may not be as precise as the ICE
latitudes below 800 N (see Table 7). This program, it is as accurate. "Precision" is a
accuracy is truly outstanding for such high measure of the spread of data; it can be roughly
latitudes. ICE does worse for moonrise, moonset, estimated for the two programs by examining
and twilight end. It is worth noting that even with Tables 6 and 7. "Accuracy" is a measure of how
a software bug that affects twilight end, ICE had close the maximum in the data distribution
more perfect predictions than LIGHTPC in all but matches the value desired (here, zero minutes
a few cases. LIGHTPC had, at most, 5 out of 10 error), and can be estimated for the two programs
perfect predictions for all the events studied here. by examining Table 7.
LIGHTPC produces a distribution of event times
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TABLE 7. Percent of Event Predictions Without Error at each Latitude.

LATITUDE

EVENT 60" 65* 70" 75* 80g 85 89"

Sunrise

ICE 95.3 87.7 92.1 93,8 80.6 70.6 0

LIGHTPC 43.6 34.2 36.5 36.0 34.0 29.4 9.1

Sunset

ICE 92.9 91.2 93.4 91.5 90.4 74.5 0

LIGHTPC 35.3 31.5 34.9 37.2 36.5 27.5 9.1

Twilight Start

ICE 99.3 97.6 98.1 97.9 97.7 89.5 0

LIGHTPC 53.3 45.3 51.9 38.2 32.6 35.1 9.1

Twilight End

ICE 97.9 95.6 72.3 50.5 31.5 0 0

LIGHTPC 48.4 40.2 45.9 34.5 30.0 36.2 36.4

Moonrise

ICE 4 34.8 10.7 # 11.1. LIGHTPC 18.4 13.9 15.7 9.7 3.5 2.2 7.1

Moonset

ICE # 51.3 # 8.4 0 0

LIGHTPC 18.7 16.2 15. 1 8.3 6.0 0 0

# Indicates missing predictions due to data loss.

The LIGHTPC event prediction time distribution all solar events at and below 850 N. The ICE
maximizes at zero minutes error in all solar events error distribution maximizes at zero minutes error
at and below 850 N. The accuracy of LIGHTPC at 700 N, and at 1 minute of error at 80' N. The
is not as good for moonrise and moonset; its ICE predicted maximum is usually no more than
predicted maximum is usually no more than 3 2 minutes from the expected error at 70° N, and
minutes from the expected zero minutes of error no more than 3 minutes from the expected error at
(see the appendices). 80' N (see appendices). The results at 890 N are

from too small a sample size to yield useful

The ICE program event prediction time results.
distribution maximizes at zero minutes of error in
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4.4 Non-Event Predictions. "Non-event" days end; it occurred on March 3rd, when there were
are those on which neither sunrise, sunset, twilight just 12 minutes of darkness between twilight end
start, twilight end, moonrise, nor moonset occur. and twilight start. An ICE software bug results in
There arc many non-event days at the polar many twilight end errors at and above 800 N.
latitudes. A good example is polar summer, Both programs make errors in predicting days with
when the sun may not rise or set for months, but no moonrise or no moonset.
is always above the horizon.

LIGHTPC predicts moonrise and moonset when
One question that SAC did not specifically ask, there are none for 31 December from 65 *N to 750
but that is important in assessing computer models N, but it seems to have a problem predicting
that predict solar and lunar event times is, "Did instances when the moon sets for less than an hour
the program correctly predict the days when before rising again. Except for the 31 December
nothing happens?" The answer to this question for errors mentioned earlier, all LIGHTPC failures to
LIGHTPC and ICE is "yes" for sunrise and sunset, correct to predict non-event days correctly
"almost" for twilight, and "no" for moonrise and occurred on days when the moon set for less than
moonset. I hour. This happened three times at 650 N, three

times at 700 N, once at 750 N, and twice at 850 N
Both programs correctly predict days with no (see Table 8). On these days, LIGHTPC
sunrise and no sunset at all latitudes. LIGHTPC predicted a non-event day when the moon actually
made one mistake in predicting twilight start and rose or set.
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TABLE 8. Non-Event Prediction Error Table.

LATITUDE

EVENT 60' 650 70° 75 80" 85" 89.

Sunrise

ICE 0 0 0 0 0 0 0

LIGHTPC 0 0 0 0 0 0 0

Sunset

ICE 0 0 0 0 0 0 0

LIGHTPC 0 0 0 0 0 0 0

Twilight Start

ICE 0 0 0 0 39 92 138

LIGHTPC 0 0 0 0 0 1 0

Twilight End

ICE 0 0 0 0 0 0 0

LIGHTPC 0 0 0 0 0 1 0

Moonrise

ICE # 3 4 # 6

LIGHTPC 0 4 4 2 0 2 0

Moonset

ICE # # 3 # 2 0 2

LIGHTPC 0 4 4 2 0 2 0

0 Indicates missing predictions due to data loss.
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O 5. RECOMMENDATIONS

5.1 Use LIGHTPC and ICE "as is." For the twilight end times, use ICE for those
LIGHTPC is a robust program that produces dates on which it does not have errors, but
accurate predictions of sunrise, sunset, twilight use LIGHTPC for dates on which ICE does have
start, and twilight end times. It is also fairly errors.
precise for these events at and below 85* N. Most
(90% or more) of the predictions are within 2 5.2 Other Solutions. The Naval Observatory
minutes of the actual event time. is working on a new PC ephemeris program called

"MICA" (Multi-year Interactive Computer
ICE can be used to provide accurate sunrise and Almanac) that should be released in 1993. This
sunset times with high precision up to 85* N. ICE program should fix the problems with the ICE
also produces accurate and highly precise twilight program, and will correct, as far as possible, errors
start times up to 85* N. Unfortunately, ICE has in event times caused by atmospheric refraction at
software deficiencies that make it unusable by high latitudes. The MICA program will be
itself for twilight end times. For these events, it available from the Nautical Almanac Office, U.S.
may be possible to use both ICE with LIGHTPC Naval Observatory, Washington, D.C. 20392.
to determine better event times than could be
determined by either program alone.
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APPENDIX A

CHARTS OF INDICATED SUNRISE ERRORS

(Percent of Days)

SUNRISE ION OR

1o0 Sunrise Late Correct Sunrise Earl 1

90 .... ............... .. . . ICE Program

0 -IUGHTPC Program8 0 .. . . . . . . . . .

S 6 0 ----- ----- ---------. . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . .

50
# 5 0 ------------------ ----... .. .. .. .... .. .. .. . ... . .... .... ... . ..

S 4 0 . . . . . . . . . . . . . . . . . . . ... . . . . . .... . . . . . . . . . .. . . . . . . . .

20 ..... ............ . ....... ...............
10 ----- ---- ---- ------

-2 -1 0 1 2 3

MINUTES OF ERROR
Errors are relative to Navy mainframe program.

Sunrise on all 365 days; graph shows 365 days.
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90 ............................................. M [ -ICE Program
D] UGHTPC Program

80 ..................... ................... U rr

5, 70 ----- ----- ---- --.-- ----- ---.---.------ ---- ----- ----
(aS6 0 .. ..... ........ .. .... . ...... ..................................

45 0 ... ..... ..... ..... .. ..... ... ... . . . . . . . . . . . . . .
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Errors are relative to Navy mainframe program.

Sunrise on all 365 days; graph shows 365 days.
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No sunrise (24 hours of light or darkness) on 124 days; graph shows remaining 241 days.170

1...



SUNRISE ?IN OR

100 Sunrise Late Correct Sunrise Early
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No Sunrise (24 hours of fight or darkness) on 201 days; graph shows remaining 164 days.
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SUNRISEl 194H 0E1b

100 Sunrise Late Correct Sunrise Early
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APPENDIX 8

CHARTS OF INDICATED SUNSET ERRORS

(Percent of Days)

SUNSET 6ON OR

Sunset Late Correct Sunset Early100
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Errors are relative to Navy mainframe program.
Sunset on all 365 days; graph shows 365 days.
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APPENDIX C

CHARTS OF INDICATED TWILIGHT START ERRORS

(Percent of Days)
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MINUTES OF ERROR
Errors are relative to Navy mainframe program.

Twilight start criterion not met on 120 days; graph shows remaining 245 days.
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Errors are relative to Navy Mainframe Program.

Twilight start criterion not met on 149 days; graph shows remaining 216 days.
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Errors are relative to Navy mainframe program.

Twilight start criterion not met on 174 days; graph shows remaining 191 days.
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Errors are relative to Nav Mainframe Program.

Twilight start criterion not met on 236 days; graph shows remaining 129 days.
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Errors are relative to Navy mainframe program.

Twilight start criterion not met on 308 days; graph shows remaining 57 days.
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Errors are relative to Navy Mainframe Program.
Twilight start criterion not met on 354 days; graph shows remaining 11 days.
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APPENDIX D

CHARTS OF INDICATED TWILIGHT END ERRORS

(Percent of Days)
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Errors are relative to Navy mainframe program.

Twilight end criterion not met on 82 days; graph shows remaining 283 days.
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Errors are relative to Navy mainframe program.

Twilight end criterion not met on 116 days; graph shows remaining 249 days.
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Errors are relative to Navy Mainframe Program.

Twilight end criterion not met on 145 days; graph shows remaining 220 days.
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Errors are relative to Navy mainframe program.

Twilight end criterion not met on 171 days; graph shows remaining 194 days.
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Errors are relative to Navy Mainframe Program.

Twilight end criterion not met on 234 days; graph shows remaining 130 days.
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Errors are relative to Navy mainframe program.
Twilight end cuiteron not met on 307 days; graph shows remaining 58 days.
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Errors are relative to Navy Mainframe Program.
Twilight end criterion not met on 354 days; graph shows remaining 11 days.
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* APPENDIX E

CHARTS OF INDICATED MOONRISE ERRORS

(Percent of Days)
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Errors are relative to Navy mainframe program.

Moonrise did not occur on 12 days; graph shows remaining 353 days.
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Errors are relative to Navy mainframe program.

Moonrise did not occur on 98 days; graph shows remaining 267 days.
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Errors are relative to Navy Mainframe Program.

Moonrise did not occur on 174 days; graph shows remaining 191 days.
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Errors are relative to Navy mainframe program.

Moonrise did rnot occur on 131 days; graph shows remaining 134 days.
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Errors are relative to Navy Mainf.-ame Program.

Moonrise did not occur on 280 days; araph shows remaining 85 days.
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Errors are relative to Navy Mainframe Program.

Moonrise did not occur on 351 days; graph shows remaining 14 days.
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APPENDIX F

CHARTS OF INDICATED MOONSET ERRORS

(Percent ot Days)
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Errors are relative to Navy mainframe program.

Moonset did not occur on 12 days; graph shows remaining 352 days.
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Errors are relative to Navy mainframe program.

Moonset did not occur on 99 days; graph shows remaining 266 days.
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Errors are relative to Navy Mainframe Program.

Moonset did not occur on 175 days; graph shows remaining 190 days.
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Errors are relative to Navy mainframe program.

Moonset did not occur on 232 days; graph shows remaining 133 days.
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0 38



MOONSET 85N OR
50Moonset Correct Moonset

Late Early

40

cc) -0

2 I3HTPC Prgram

020

10 .- -- ---- - - .. .

0
-22.-21 -14 43 -11-10 -9-6 -7-4-5 4 - - 0 1 2 5 6 7 g 10 16 297

MINUTES OF ERROR
Errors are relative to Navy mainframe program.

Moonset did not occur on 323 days; graph shows remaining 42 days.
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Errors are relative to Navy Mainframe Program.

Moonset did not occur on 352 days; graph shows remaining 13 days.
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GLOSSARY

Accuracy How closely the maximum in a distribution of data matches the expected value that
the data is meant to represent.

Event For rises and sets: An occurrence in which the horizon of the earth intersects a
specified portion of the disk of the sun or moon.
For twilight start or end: An occurrence in which the sun is a specified number
of degrees below the horizon of the earth.

ICE A Naval Observatory PC program for accessing and displaying solar and lunar
event times from a computer ephemeris.

LIGHTPC An Air Weather Service PC program for computing solar and lunar event times.

Minutes of Error Actual event time minus PC-program-predicted event time

Moonrise The time at which the upper limb of the moon just appears over the horizon of the
earth.

Moonset The time at which the upper limb of the Moon just disappears over the horizon of
the Earth.

Navy mainframe What we call the Naval Observatories program for computing solar and lunar event
times.

Non-Event When the sun does not rise or set, when twilight does not begin or end, or when

the moon does not rise or set on a given day.

PC personal computer

Precision The spread of data around its maximum value.

Sunrise The time at which the upper limb of the sun just appears over the horizon of the
earth.

Sunset The time at which the upper limb of the sun just disappears over the horizon of the
earth.

Twilight Here, twilight means nautical twilight.

Twilight Start Nautical twilight starts when the sun is 120 below the horizon before sunrise.

Twilight End Nautical twilight ends when the sun is 120 below the horizon after sunset.

41



DISTRIBUTION

HQ AF/XOW, Pentagon. Washington, DC 20301 ..... ....... .. . . . . ....................................... I
HQ USAF/XOOOW. RM BD927, Washington, DC 20330-5054 . ........................................... I
OSAF/SS, Rm 4CI052, i.iagon. Ann: Weather, Washington, DC 2033"-6560 ........................................ 1
USTC J3/J4-OW, Scott Dr., Bldg 1900, Scott AFB, IL 62225-7001 ................................................. I
AWSIXTX/DOS/SCA. Losey St., Bldg 1521. Scott AFB. IL 62225-5008 ............................................. 1
Det 3, DOXW, PO Box 95004, Henderson, NV $9009.5004 ....................................................... 1
Det 4, AWS, Bldg 91027, Hurlburt Fid, FL 32544-5000 .......................................................... 1
OL-B, HQ AWS. Hanscom AFB, MA 01731-5000 ...... ........................... ......................... 1
OL-N, HQ AWS, ASL(SLCAS-BW-W) Bldg 1646. Rm 24, Missile Range, White Sands, NM 82002-5501 ..................... I
HQ AFGWC/DOM/SY, MBB39, 106 Pe"ackeeper Dr., Ste 2N3, Offatt AFB, NE 86113-4039 .............................. I
AFSFC/DON, Stop 82, Bldg 715, Palrick Ave., Falcon AFB, CO 80912-5000 ....................................... 1
USAFETAC, Scott AFB, IL 62225-5000 ................................................................ 6
OL-A, USAFETAC, Federal Building, Rm 305, Asheville, NC 28801-2723 ............................................ I
AFSPACECOM/DOWA, Bldg 1, Stop 7, Peterson Rd., Peterson AFB, CO 80914-5001 ................................ I
721SPTM Weather, STE 2-210, 1 Norad Rd, Cheyenne Mtn, CO 20914-6113 ........................................... 1
50 OSS/WE, Stop 82, Falcon AME, CO 80912-5000 ............................................................ I
45WS, Bldg 423, C. St., Patrick AFB, FL 32925-6537 ........................................................... I
30WS, Coral Rd., Bldg 21150, Vandenberg AFB, CA 93437-5000 ................................................... I
21OSS/OGSW, Hamilton R, Stop 22, Peterson AFB, CO 80914-5000 ..........................................
SSD/MWA, PO Box 92966, Los Angeles, CA 90009-2960 .................................................... 1
SSD/IMO, PO Box 92960, Los Angeles, CA 90009-2960 .............................................. ..........
SM-ALCILH-AWS, McClellan AFB, CA 95652-5609 ............................................................ 1
CSTC/WE, 1090 Lockheed Way, Box 007, Bldg 1001, Sunnyvale, CA 94029-1230 ......................................
OD 4/DX, Onizuka AFB, CA 9408 -.3430 ................... ....................... ........ ...............
SSD OD 4, Onizuka AFB, CA 94028-3430 ................................................................... 1
Aerospace Data Facility/WE, Stop 77, 18201 E. Devils Thumb, Buckley ANGB, CO 80011-9599 ............................
USAFA/DFP, Antn: Capt Paul Bollaire, Colorado Springs, CO 80840-5701 .............................................
AFMCMI)DOW, Bldg 266, Post 108P Chidlaw Rd.,Wright-Patterson AFB, OH 45433-5000 .................................
FASTC/TAW, 4115 Hebble Creek Rd., Ste 33, Wright-Patterson AFB, OH 45433-5637 ................................. 1
ASD/WE, Bldg 91, 3rd St, Wright-Patte•son AFB, OH 45433-6503 .............................................. I
AFIT/CIR, Wright-Paterson AFB, OH 45433-6583 .............................................. ...............
WL/DOWA, Wright-Panerson AFB, OH 45433-6543 ............................................................
WL/DOW, Wright Patterson AFB, OH 45433-6543 .........................................................
2750ABW/WE, Bldg 206, Area C, Skeel Av., Wright Patterson AFB, OH 45433-6543 .................................... 1
FASTC/TAW, Wright-Patterson AFB, OH 45433-6543 ...........................................................
PL/WE, Kirtland AFB, NM 87117-5000 ...................................................................
HQ AFOTEC/WE, Kirtland AFB, NM 27117-7001 ..............................................................
RL/W E, Orifiiss AFB, NY 13441-5700 ......................................................................
RL/DOVL, 26 Electronic Pkwy, Bldg 106, Griffiss AFB, NY 13441-4514 .............................................
3250SSIOSW, Florida Ave., Stop 22, Bldg 149, Tyndall AFB, IL 32403-5048 ..........................................
AFESC/RDXT, Bldg 1120, Stop 21, Tyndall AFB, FL 32403-5000 .............................................. 1
ESD/WE, Vandenberg Dr., Bldg 1624, Hanscom AFB, MA 01731-5000 ............................................. 1
PL)TSML, Research Library, Hanscom AFB. MA 01731-5000 .....................................................
3246TW/DOW, Bldg 60, Rm 60, Eglin AFB, FL 32542-5000 ......................................................
AFFTC/W E, Edwards AFB, CA 93523-5000 ..................................................................
510 OSS/WE, Bldg 1200, Ran 6, Wolfe Ave, Edwards AFB, CA 93523-5000 .......................................... 1
6585 TG/WE, Range Rd, Bldg 1183, Holloman AFB, NM 88330-5000 ............................................... 1
SSD/SDW, PO Box 92960, Bldg 117, El Segundo, Los Angeles AFB, CA 90009-2960 ....................................
UYTR/WE, Hill AFB. UT 84056-5000 ................................................................. 1
USAFA/CWOSW, Air Field Dr., Bldg 9206, USAF Academy, CO 80840-5000 ...................................... 1.
AFTAC/W S, Patrick AFB, FL 32925-5000 ........................................ ................. .........
ESMC/W E, Patrick AFE, FL 32925-5000 .....................................................................
OL-A, AFCOS, Site R. Fort Ritchie, MD 21719-5010 ............................................................
USAFALCENT RA, Pope AFB, NC 28308-5000 ........................................................... 1
CCSO/FL, Tinker AFB, OK 73145-6340 ........................................ ............................ 1
304 ARRS/DOOR, Portland LAP, OR 97218-2797 ...........................................................
AFOSR/NL, Bolling AFB, DC 20332-5000 ....................................... ............................
TFW C/W E, Nellis AFB, NV 89191-5000 .....................................................................
AMC/XOWR, Bldg P40 N, Martin Ave, Scott AFB, I, 62225-5000 ................................................. ý
ISOW/OGSW, Atn: IA Kelly, 150 BennetI, Bldg 90730, Hurlburt FLD, FL 32544-5000 .......................... .

42



1SOW/OGSW, Amta: Lt Kelly, 150 Bennett, Bldg 90730, Hurlburt FLD, FL 32544-5000 .................................. I
HQ AFSOC/DOW, Bldg 1, Huriburt FLD, FL 32544-5000 ........................................................ I
ATCIDOTW. Bldg 399, Rm B27, D St, East, Randolph AFB, TX 78150-5000 ....................................... I
PACAF/DOW, Bldg 1102, Hickam AFB, HI 96853-5000 ................ ....................................... I
USSTRATCOM. J315, 901 SAC BLVD. STE BA3. Offutt AFB, NE 68113-5000 ....................................... I
ACC•DOW. Bldg 21, 30 Elm St, Ste 215, Langley AFE, VA 23655-2093 ............................................ I
IWO, Bldg 168, Hardee St., Ft McPherson, GA 30300-5000 ............................................. ........ I

USAFEIDOW, Unit 3050, Box 15, APO AE 09094-5000 ........................... ............................. I
17AF/DOW, Unit 4065, APO AE 09136-5000 ............................................................ *
COMNAVOCEANCOM, Code N312, Stennis Space Ctr, MS 39529-5000 . ......................................... 2
NAVOCEANO (Rusty Russum), Bldg 8100, Rrn 203D, Stennis Space Ctr, MS 39522-5001 ................................ 2
NAVOCEANO, Code 9220 (Tony Oitolano), Stennis Space Ctr, MS 39529-5001 ........................................ I
Mamy Oceanographic Library, Naval Oceanography Office, Stennis Space Ctr, MS 39522-5001 ............................. I
Naval Research Laboralory, Monterey, CA 93943-5006 .................................................... I
Naval Research Laboratory, Code 4323, Washington, DC 20375 ................................................ _
Naval Postgraduate School, Chlm, Dept of Meteorology, Code 63, Monterey, CA 93943-5000 .............................. I
Naval Air Waifare Center-Weapons Division, Geophysical Sciences Branch, Code 3254, Attn: Mr. Roger Helvey,
Point M ugu, CA 93042-5001 ............................................................................. I
Armed Forces Medical Intelligence Center, Information Services Division
Bldg 1607, Ft Detrick, Frederick, MD 21702-5004 .............................................................. I
Chietf APG Met Team, Bldg 1134, Attn: AMSTE-TC-AM CAB, Aberdeen Proving Ground, MD 21005-5001 ................... 1
Atmospheric Sciences Laboratory (SLCAS-AS-I 3 10-2c), White Sands Missile Range, NM 28002-5501 ....................... I
TECOM Atmos Sci Div, AMSTE-TC-AA (MacBlain), White Sands Missile Range, NM 88002-5504 ........................ I
White Sands Met Team, AMSTE-TC-AM (WS), White Sands Missile Range, NM 82002-5501 ............................ I
USA TECOM, ATTN: AMSTE-TC-AM (RE) TECOM Met Team, Redstone Arsenal, AL 3589"8052 ........................ 1
Director, U.S.A.-CETEC, Altn: GL-AE (Whitmanh), Fort Belvoir, VA 22060-5546 ....................................... 1
Technical Library, Dugway Proving Ground, Dugway, UT 24022-5000 ............................................... I
HQ NATO Staff Meteorological Officer IMS/OPS APO AE 09724 ................................................. I
NOAA/MASC Library MCS. 325 Broadway, Boulder, CO 80303-3328............................................ 2
NOAA Libnray-EOC4W5C4, Attn: ACQ, 6009 Executive Blvd, Rockville, MD 20852 ..................................... I
NOAA/NESDIS (Aftn: Nancy Everson, F.RA22), World Weather Bldg, Rm 703, Washington, DC 20233 ....................... 1
NGDC, NOAA, Mail Code E/GC4, 325 Broadway, Boulder, CO 80333-3328 .......................................... I
NWS W/OSD, Bldg SSM C-2 Est-West Hwy, Silver Sprin& MD 20910 .............................................. I
NIST Pubs Production, Rrm A635, Admin Itdg, Gaithersburg, MD 20299 .............................................. I
WSO, H & HS Marine Station Wea, MCAS rastin CA 92710-5000 ................................................. I
DTIC-FDAC, Cameron Station, Alexandria, VA 22304-6145 ....................................................... 2
AUIL/SE, Maxwell AFB, AL 36112-5564 .................................................................... I
AWSTL, Scott AFB, IL 62225-5438 ...................................................................... 35

43


